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In 1886, a young Danish pediatrician named Harald Hirsch-
sprung presented a treatise at the Society of Pediatrics in
Berlin. His description of two patients entitled Constipation
in newborns due to dilation and hypertrophy of the colonwas
the first credited description of the disease that now bears
his name.1 Hirschsprung disease (HD) is a common cause of
neonatal intestinal obstruction in which a variable segment
of the distal intestinal tract lacks the normal enteric nervous
system elements. More specifically, the absence of ganglion
cells of the myenteric and submucosal plexi is associated
with the Hirschsprung phenotype thatmanifests clinically as
functional obstruction of the affected distal intestine. For
decades, surgeons believed that the dilated megacolon
formed the basis of the problem. It was not until 50 years
later when Swenson et al described the physiological find-
ings of the affected colon in that the proximal contractions in
the dilated colon did not enter the more distal segment.2

These findings provided the basis for several subsequent
surgical interventions that form themodern basis of surgical
treatment. Nevertheless, the exact pathophysiology of HD
remains unclear as there is incomplete understanding of how

and if aganglionosis alone causes the observed functional
obstruction. HD occurs in approximately 1 in 5,000 live
births, and aganglionosis always begins at the anal verge.
However, the length of the aganglionic segment varies: it is
limited to the rectum and sigmoid colon in 75% of patients,
involves an extended portion of the colon in 10%, involves the
entire colon in another 10%, and, finally, involves the colon
and varying lengths of the small bowel in 5%. Affected
individuals present with varying degrees of obstructive
symptoms, but today most patients are diagnosed within
the first several months of life owing to the well-recognized
symptoms and the ease ofmaking the diagnosis bywayof the
suction rectal biopsy, which can be performed with ease in
neonates at the bedside without anesthesia. Thus, for the
adult general or colorectal surgeon, the vast majority of
patients who present for evaluationwill have already under-
gone surgical treatment. The evaluation of these patientswill
form the basis of the majority of this article—however, some
patients manage to escape diagnosis beyond the infant and
childhood period—and a section herein will briefly address
the case of an older patient who is suspected of having HD.
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Abstract Hirschsprung disease (HD) is a common cause of neonatal intestinal obstruction in which a
variable segment of the distal intestinal tract lacks the normal enteric nervous system
elements. Affected individuals present with varying degrees of obstructive symptoms, but
today most patients are diagnosed within the first several months of life owing to the well-
recognized symptoms and the ease of making the diagnosis by way of the bedside suction
rectal biopsy. Thus, for the adult general or colorectal surgeon, the vastmajority of patients
who present for evaluation will have already undergone surgical treatment within the first
year of life by a pediatric surgeon. Despite several safe operative interventions to treat
patientswithHD, the long-term results are far fromperfect. Thesepatientsmay reachadult
life with ongoing defecation disorders that require a systematic evaluation by a multi-
disciplinary group that should be led by a surgeon with a thorough knowledge of HD
operations and the potential problems. The evaluation of these patients will form the basis
for the majority of this review—however, some patients manage to escape diagnosis
beyond the infant and childhoodperiod—anda sectionhereinwill briefly address the caseof
an older patient who is suspected of having HD.
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Patients with a Previous Diagnosis of
Hirschsprung Disease

Long-Term Outcomes of Hirschsprung Disease Treated
in Childhood
There are essentially two categories of defecation dysfunction
in childrenwho have had previous surgery for HD: obstructive
symptoms and problems with soiling. Obstructive symptoms
can take the form of abdominal distension, bloating, vomiting,
recurrent enterocolitis, or severe constipation requiring
ongoing laxative therapy or enemas. The five major reasons
for persistent obstructive symptoms following a pull-through
are mechanical obstruction, persistent or acquired aganglio-
nosis, disordered intestinal motility, internal anal sphincter
dysfunction, and functional megacolon caused by stool-hold-
ing behavior. Soiling following a pull-through can be due to
impaired continence as a result of internal anal sphincter
dysfunction or poor sensation within the anal canal, or “pseu-
doincontinence” causedbyeither fecal loadingwithencopresis
orhyperperistalsis in thepulled-throughbowel. Theevaluation
ofanolder patientwith adefecationdisorder after an operative
intervention for HD earlier in life requires an understanding of
the extent of the original disease, the operation originally
performed, the complications or problems encountered in
infancy or childhood, and the current defecation issues for
which the individual is being evaluated. A thorough and
organizedapproachmustbe taken to correctly definethe cause
of the problem and to design an appropriate therapeutic
plan.3,4 A multidisciplinary team consisting of a general
surgeon, an adult gastroenterologist, a pathologist, and a
pediatric surgeon, where available, forms the ideal physician
group to care for such a patient into adulthood.

It is clear that while HD is now rarely fatal, short- and
long-termmorbidities remain a considerable possibility into
adulthood. Symptoms of constipation are generally believed
to become milder or subside with time after operative
correction of HD in infancy.5 Reports of long-term outcomes
among adolescents or young adults demonstrate a low
incidence of constipation compared with a higher percen-
tage of patients reporting constipation during childhood.6–9

However, Rintala and Pakarinen noted that the overall
incidence of constipationmay increase againwith advancing
adult age, especially in those patients who had a Duhamel
procedure,10 and some have noted this finding independent
of the initial operative reconstruction.11

When fecal incontinence has been independently studied
with specific scrutiny, the incidence exceeds 50% during child-
hood in nonsyndromic patients.9,12–14 Nearly similar figures
havebeen reported for adolescents andadults. Inpatientswith
Down’s syndrome (trisomy21), Catto-Smith et al foundan87%
incidence of fecal incontinence.15 Most of the literature
examining long-term incontinence rates report patients
with all degrees of incontinence, from frank incontinence
with large volume fecal accidents to patients with milder
symptoms such as occasional soiling or staining. Although
the majority of patients suffer from minor soiling rather than
frank incontinence, we believe that the social implications of
this problem are a major problem for the affected individual.

The Antecedent History and Operative Intervention
Examination of previous operative record forms an essen-
tial element of establishing care for an older patient who
presents with defecation issues in the setting of a previous
diagnosis of HD. Understanding the extent of the initial
disease and the operation performed are key first steps in
the evaluation. Initially, the age at diagnosis and the
original extent of disease will dictate the subsequent
operative approach. Although many patients historically
underwent a diverting colostomy or ileostomy at the level
of bowel that contained ganglion cells (a “leveling” colost-
omy or ileostomy) when the diagnosis was established,
many of the definitive operations are now performed in
one stage without the need for antecedent intestinal diver-
sion during the neonatal or infant period.16 The common
goal of the reconstructive operation is to remove the
aganglionic bowel (or bypass it with a mixed conduit of
ganglionic and aganglionic bowel) and provide normally
innervated bowel as distally as possible while preserving
the function of the anal sphincter mechanism to provide for
normal defecation.

Rectosigmoid Hirschsprung Disease
The three most commonly performed reconstructive opera-
tions in patients with rectosigmoid or extended colonic
disease are the Duhamel, Soave, and Swenson procedures,
often termed pull-through operations (►Fig. 1). The pull-
through segment of intestine contains a normal complement
of ganglion cells by pathological analysis. Soave’s operation
involves pulling a segment of normally innervated intestine
through a retainedmuscular cuff (of varying lengths depend-
ing on the preference of the surgeon) after extramucosal
dissection of the distal rectum so as to theoretically avoid
damaging the pelvic splanchnic nerves along the anterior
rectum. Originally, Soave allowed the pull-through segment
to extend from the anuswithout an anastomosis.17 The distal
pull-through segment was removed after it “adhered” to the
anal tissues—hardly a scenario parentswouldfind acceptable
today. Boley is credited with performing a primary anasto-
mosis at the time of the pull-through operation and imme-
diately resecting the aganglionic colon, which is how the
operation is currently performed.18 However, many pedia-
tric surgeons still refer to the modern operation as the Soave
procedure. The muscular cuff is typically either left very
short posteriorly, split, or segmentally excised in an attempt
to allow for adequate defecation. Swenson’s original opera-
tion has changed little since his first description, and
although a component of the operation involves pulling
the ganglionic bowel through the aganglionic segment that
has been everted from the anus, the ultimate result is a very
low hand-sewn coloanal (or ileoanal in a straight for total
colonic disease) anastomosis.2 Some authors use elements of
both the Soave and Swenson operations, in what is colloqui-
ally termed a Soaveson procedure. In this modification, the
posterior muscular cuff is removed as close to the dentate
line as possible, while preserving the anterior muscular cuff
consistent with the Soave operation.19 This modification
theoretically eliminates the potential of a constrictive
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retained muscular cuff, although this has not been well
studied with long-term follow-up to date. In the Duhamel
operation, a composite graft is created from a short segment
of distal aganglionic colon retained anteriorly and a segment
of normally innervated colon pulled through posteriorly.20

The anterior aspect of the sphincter complex is left undis-
turbed, and the pull-through segment is sewn to the poster-
ior half of the sphincter complex just above the dentate line.
The composite Duhamel pouch is typically created by firing a
GIA stapler inserted from the anus between the pull-through
and the aganglionic rectum.21 Other authors have described
alternative approaches in an attempt to improve upon the
potential anatomic pitfalls when constructing the composite
pouch,22 and some have described modifications to the
original Duhamel operation.23,24 The Soave,25 Duhamel,26

and Swenson27 operations can all now be performed with
the use of laparoscopy, and the Soave pull-through is per-
formed completely transanally in some centers.28 The Re-
hbein procedure is an anterior resection with a low coloanal
anastomosis with an EEA stapler (Medtronic) that is not
commonly performed in the United States due to concerns
regarding a higher risk of postoperative constipation neces-
sitating sphincter dilation or reoperative intervention.29 This
is also the case for the operation originally described by
State,30 which is not a reasonable modern operative correc-
tion strategy. There is no definitive evidence that any one of
the three commonly performed operations is better than the
other, but each lends itself to specific potential long-term
pitfalls. The initial operation performed is often the one that
the surgeon has been trained to perform and does frequently
with his/her own optimal results.31,32

Total Colonic Hirschsprung Disease
In total colonic HD (TCHD), the options for definitive recon-
struction can be divided into three main categories: the
straight pull-through, colonic composite procedures, and
the J-pouch ileoanal anastomosis. We prefer to delay the
definitive reconstructive procedure until the child is 1 year
of age after a leveling ileostomy during the neonatal period.
Some prefer to delay the reconstruction until later in life,33

whereas others perform a pull-through without a diversion
procedure in the neonatal period.34–36 Another option is to
perform the definitive reconstruction at diagnosis but leave a
protective ileostomy until the child is toilet-trained for urine
and is willing to tolerate rectal irrigations.37 Straight pull-
through procedures can be undertaken by using any of the
standard techniques (Duhamel, Soave, or Swenson) and can
be performed through a laparotomy or using laparoscopy.
The postoperative issues with a straight pull-through are
related to the liquid nature of the stool that may cause
perineal excoriation, and aggressive skin care is tantamount
to prevent this common postoperative problem. The concept
of a colon composite is to perform a side-to-side anastomosis
between normally innervated small bowel and aganglionic
colon akin to the Duhamel reconstruction described pre-
viously. The retained aganglionic colon allows for water and
electrolyte absorption,38 whereas the normally innervated
pull-through segment of small bowel allows for normal
motility to the anal canal. Martin is credited with describing
the first such operation that consisted of a long composite
involving the entire left colon,23 the Duhamel/Martin pro-
cedure. Nishijima et al prefer a technique using the right
colon to take advantage of its theoretical higher capacity to

Fig. 1 The different types of reconstruction “pullthrough” operations employed for the correction of Hirschsprung Disease.
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absorb water and electrolytes.39 However, this procedure
requires a staged approach to bring the right colon/small
bowel composite into the pelvis. Several authors have
published modifications of the operation of Martin and
Nishijima procedures.40,41 Although the colon composite
procedures theoretically permit decreased stool output
from better water absorption, the aganglionic colon may
dilate and some of these patients develop either enteroco-
litis, constipation, or pseudoincontinence, which requires
removal of the patch, a permanent stoma, or conversion to
another type of pull-through. A total colectomywith J-pouch
reconstruction has also been described for reestablishing
intestinal continuity in patients with TCHD, but there are
little data available concerning long-term results.42

Compared with patients with rectosigmoid HD, the long-
term outcomes of initial procedures to resect the long
aganglionic segment and restore intestinal continuity have
not been as well elucidated. Ein et al described seven infants
who underwent a Martin’s modified Duhamel procedure for
TCHD, all of whom are continent at follow-up between 1 to
13 years. These children had up to 10 formed stools per day,
yet two out of seven had soiling at night.43 Escobar et al
reported the long-term outcome of 36 patients who under-
went a pull-through for TCHD with a mean follow-up of
11 years. They noted that postoperative complications were
more common after the Duhamel/Martin and Soave proce-
dures. Of 29 patients, 21 (91%) had four to six bowel move-
ments per day, and 17 (81%) of 21 were continent. The
Kimura patch provided functional benefit in five patients
with proximal disease.44 Wildhaber et al reported the long-
term follow-up of 20 patients with TCHD, 5 of whom had
more extensive aganglionosis of the small bowel. One of
these five patients underwent an endorectal pull-through,
one underwent intestinal transplantation, and three died.
Mean follow-upwas 17.5 years. Postoperative complications
included enterocolitis (55%), anal stricture (25%), and peri-
neal excoriation (20%). Eighty-nine percent were free of
recurrent enterocolitis. Eighty-two percent of patients
reported one to five bowel movements a day, yet 18%
experienced six or more bowel movements per day and
occasional soiling was noted in 40%.45 Barrena et al described
15 patients who underwent a modified Duhamel/Martin
reconstruction and 18 who underwent a straight ileoanal
pull-through for the treatment of TCHD. Out of 31 survivors,
half the patients had more than three bowel movements per
day, and the median continence score (normal ¼ 14) was 11
(range: 6–14). Both operations resulted in comparable de-
fecation and continence patterns, and quality of life was
rated as good in 97%.46 However, Blackburn et al painted a
less optimistic picture in their report of seven patients with
TCHDwho underwent staged pull-through employing Soave,
Duhamel, or Duhamel/Martin reconstructions. All patients
had at least one readmission with enterocolitis, diarrhea, or
high stoma output. Further procedures were required in four
of the sevenpatients. In their small series, theyobserved high
morbidity and poor functional outcome and concluded that
patients with TCHD have a high probability of requiring a
long-term stoma.47 Shen et al reviewed 29 patients with

TCHD who were treated with either a Duhamel/Martin
procedure (14 patients) or a Soave procedure (15 patients).
During the follow-up period, seven patients in the Duhamel/
Martin group had enterocolitis, with four having severe
enterocolitis leading to multiple hospitalizations. In con-
trast, only two patients had enterocolitis in the Soave group.
At 6-month follow-up, 79% of patients in the Martin group
and 62% patients in the Soave group had normal defecation.
They found that patients managed with the Soave procedure
had fewer operative complications compared with those
who underwent the Duhamel/Martin procedure. However,
the patients managed with the Soave procedure took longer
to establish normal defecation.48 Similar to patients with
rectosigmoid disease, there is no clear superior operative
method for the treatment of TCHD with respect to perio-
perative morbidity, mortality, enterocolitis, and functional
outcomes. The operative technique performed should be
based on surgeon familiarity and expertise, but long-term
defecation disorders are common, and long-term follow-up
is essential.49

Internal Anal Sphincter Achalasia
Virtually, all children with HD lack the rectoanal inhibitory
reflex (RAIR), whereby the internal anal sphincter normally
relaxes in response to balloon dilation of the rectum. In
patients who have refractory constipation despite a normal
rectal biopsy and maximal medical therapy, anorectal mano-
metry (ARM) adds value to the evaluation. Children with
ganglion cells present on rectal biopsy who lack the RAIR
are considered to have internal anal sphincter achalasia
(IASA),50 although some may misclassify these findings as
ultrashort-segment HD, which should be used to describe a
patient with a documented aganglionic segment of less than 1
to 2 cm. These children should be managed initially with a
bowel management regimen, but many have already failed
several medical interventions once they seek specialized
evaluation. We advocate treating these patients with botuli-
numtoxinA (botoxA) delivered into the intersphincteric space
using ultrasound guidance (100 units diluted in 1–2 mL of
saline and injected at four quadrants), which often needs to be
repeated for long-term efficacy.51 Some advocate anal sphinc-
termyectomyasfirst-line therapyorwhen botox A therapy no
longer is effective after an initial response.52BotoxA therapy is
appealing due to the likelihood that the symptoms related to
IASA will improve significantly over time in most of these
children and that the effect of botox A is reversible.

The Common Initial Evaluation for a Patient with
Stooling Problems after a Definitive Reconstructive
Procedure
A detailed history and physical examination is performed
with particular attention paid to the presence of symptoms
consistent with either obstruction of stool evacuation (con-
stipation) or incontinence (soiling). The use and outcome of
stimulant laxatives, osmotic laxatives, antimotility agents,
and other interventions that are used to evacuate the colon
such as dilations or irrigations should also be noted. It is vital
to note the specifics of the operative history including the
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type of pull-through and any postoperative complications.
Each of the primary HD operations has potential pitfalls. In
the Soave operation, the ganglionated bowel is pulled
through a muscular cuff that may act as a constricting
fibrotic ring that results in functional obstruction. The cuff
is typically split or removed to prevent this potential pro-
blem.However, in some cases, the surgeonmay have not split
the cuff posteriorly, or if the cuff was split, itmay still serve to
act as an obstructive entity (i.e., the cuff anneals together in
the healing process, or a subclinical abscess in the space
between the cuff and pull-through segment causes a non-
compliant scar). In the Duhamel operation, the composite
pouch may become distended over time leading to stasis,
constipation, and enterocolitis. In addition, a spur of agan-
glionic colon may also serve to cause similar problems. In
patients who have undergone a Swenson procedure, the
aganglionic colon left behind may lead to obstructive issues
if the length of this segment is generous.

A water-soluble contrast enema is undertaken for all
patients to evaluate the proximal pull-through anatomy.
Thereafter, patients undergo an examinationunder anesthesia
to examine the integrityof theanal canal, examinethe location
and status of the pull-through anastomosis, and evaluate the
muscular cuff if a Soave pull-through was used as the initial
operative intervention. At our center, we routinely perform
concomitant ARM as a baseline to aid in selection of appro-
priate therapy, although it is not a required part of the evalua-
tion. Finally, a full-thickness rectal biopsy just above the
anastomosis is performed to determine the presence or
absence of ganglion cells in the distal pull-through segment.
Although it is tempting to reserve a biopsy for those patients
withpurelyobstructive symptoms, patientswith soilingdue to
pseudoincontinence secondary to obstipation should also
undergo histological assessment of the pull-through segment.

Patients with Obstructive Symptoms
These children have symptoms that are seemingly identical
to the symptomswith which they initially presented.►Fig. 2

depicts the algorithm we employ after the results of the
common initial evaluation. For patients with a restrictive
Soave cuff, the biopsy and length of the restrictive cuff serve
to allow for a decision about how best to proceed. In our
experience, we prefer to perform a redo Soave pull-through
inmost cases regardless of thebiopsy results; however, in the
setting of a normal biopsy and a short restrictive muscular
cuff, a posterior myectomy is also reasonable option if the
surgeon has expertise with this technique. We perform the
redo operation in the “Soaveson” manner as described
previously, although a pure Swenson procedure may be
necessary if a plane between the muscular cuff and the
previous pull-through segment cannot be created. We
believe that patients with an anastomotic stricture are best
served with a redo pull-through.53 Although serial dilations
may serve to achieve an adequate anal outlet in some cases,
the success of repetitive dilations may be impaired due to
patient and/or parent compliance and the pain associated
with dilating a noncompliant scar.

When the preoperative biopsy is normal, the surgeon can
be assured that a redo with a relatively short pull-through
segment is likely to be successful so long as the upstream
colon is not significantly dysmotile. However, the proximal
anastomotic margin should be analyzed for ganglion cells
prior to leaving the operating room to confirm the adequacy
of the pull-through. Long-standing outlet obstruction may
lead to intestinal dilation and hypomotility, and this should
not be taken lightly prior to a redo pull-through (►Fig. 3).
Temporary intestinal diversion is an option to allow for
adequate intestinal decompression; however, a primary
redo pull-through may also be performed. In this setting,
we prefer to divert the fecal stream with a laparoscopic-
assisted loop ileostomy to allow the distal colon to decom-
press prior to the redo operation. Alternatively, the dilated
bowel may be tapered along the antimesenteric border to
ameliorate the size discrepancy between the pull-through
intestine and the anal canal suture line with or without a
temporary proximal intestinal diversion procedure.

Fig. 2 The algorithm for work-up and management of a patient with obstructive symptoms after a pull-through procedure for Hirschsprung
disease.1 Consideration for proximal intestinal diversion should be based on proximal intestinal dilation and dysfunction.2 Motility work-up
includes assessment of the contrast enema, anorectal manometry, and intestinal motility by manometric evaluation.
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Although rare, some children may have persistent agan-
glionosis due topathologist error, a pull-throughperformed in
the transition zone due to ganglion cell loss after a pull-
through. When the preoperative biopsy is abnormal, the
surgeon is prepared to perform a pull-through with specific
attention to achieving a pull-through segment with normal
histology (normal ganglion cells and no hypertrophic nerves),
by taking biopsies of the aganglionic segment by laparotomy,
laparoscopy, or sequentially with a total transanal approach.
Werecommendthat thesebiopsies shouldbeperformed in full
thickness to ensure accurate delineation of normal ganglio-
natedbowel as thenewpull-through. The sameconsiderations
for the proximal bowel dilation and hypomotility apply to this
patient subgroup as addressed previously.

In a patient with obstructive symptoms, a normal biopsy,
and a seemingly normal anal outlet (no stricture or restrictive
cuff), onemust then address themotilityof the distal intestinal
segment upstream from the anal anastomosis. Althoughmuch
can be gleaned from the contrast enema (i.e., a dilated colon
tends to hypomotility, whereas a normal caliber colon tends to
normal motility), we prefer to perform a dedicated intestinal
motility evaluation and ARM for this cohort. In the setting of
normalmotility, ARMnearly always demonstrates the absence
of theRAIRdueto thefact that thesphinctermechanismshould
be preserved with all of the pull-through operations.54 Those
patients with are treated with instillation of botox A into the
intersphincteric space. We use 100 units deployed into the
intersphincteric space by ultrasound guidance, although
patients younger than 1 year receive half of that dose as initial
therapywithescalationasneeded.55Theeffect is reversibleand
the majority of patients need repeat injections, but the major-
ity benefit andwefind that it does improve the effectiveness of
stimulant laxative therapy.56,57 Patients with generalized
abnormal motility are often treated with botox A without
significant improvement. These patients typically require an

aggressive bowel management program with stimulant laxa-
tives or “washouts,” either by way of enemas or an antegrade
washout program provided through a cecostomy (using the
Malone antegrade continence procedure[MACE], a percuta-
neous cecostomy, or an appendicocecostomy tube).58,59 In
patients who have refractory outlet obstruction, intestinal
diversion provides an option to improve quality of life when
everything else has failed or when other issues preclude the
ability to successfully engage in a bowelmanagement program
(i.e., patients with trisomy 21 or other behavioral disorders).
Patients with segmental intestinal dysmotility are treated by
segmental surgical resection,eitherwithorwithout temporary
intestinal diversion. We tend to perform an aggressive
preoperative inpatient bowel preparation to avoid temporary
intestinal diversion, but discuss the potential for doing so
preoperatively with families depending on the findings
at surgery.

A twist in the pull-through segment usually presents in
the immediate perioperative period and should be corrected
with redo pull-through once recognized. In some cases, the
child will have a good initial response to surgery and then
develop obstructive symptoms later. Mechanical obstruction
may be the result of a stricture or a retained aganglionic spur
from a Duhamel procedure that may fill with stool and
obstruct the pulled-through bowel. The Duhamel procedure
may also be complicated by a kink at the top of the anasto-
mosis, which leads to obstruction. These complications are
typically identified by a contrast enema and should be
addressed with either resection of the aganglionic spur or
by redoing the pull-through altogether.

Patients with Incontinence or Soiling
As with patients with obstructive symptoms, patients who
soil after a pull-through should be approached in a systema-
tic manner; our general approach is illustrated in ►Fig. 4.

Fig. 3 The algorithm for work-up and management of a patient with soiling symptoms after a pull-through procedure for Hirschsprung disease.1

The examination under anesthesia serves to document the location of the previous anastomosis and the integrity of the dentate line and sphincter
mechanism. A low anastomosis below the dentate line or a damaged sphincteric mechanism impairs anal sensation and normal defecation.2 Bowel
management is accomplished with either retrograde enemas or an antegrade washout program deployed with an appendicocecostomy or cecostomy.
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There are several reasons for a child to be incontinent after a
pull-through: isolated anal sphincter dysfunction, isolated
anorectal sensory dysfunction, severe combined anorectal
motor and sensory dysfunction, or “pseudoincontinence”
due to either pull-through dysfunction due to fecal impac-
tion or loss of the rectal reservoir and high amplitude colonic
contractions, which leave little time to evacuate stool in a
commode. The later problem is usually an issuewith younger
children who are toilet training and usually improves with
time as the frequency of high-amplitude peristaltic contrac-
tions (HAPCs) decreases with age and patients learn to sense
the urge associated with filling of the pull-through segment.
The direct consequence of resecting the rectosigmoid colon
during a standard pull-through operation is a tendency to
pass stool frequently throughout the day because the natural
fecal reservoir (the rectum) has been removed. These
patients generally have normal anorectal anatomy with
adequate sphincter and sensory function and exhibit excel-
lent potential for long-term bowel control. These children
benefit from behavioral modification (timed sits on the
commode), patience and reassurance, and loperamide
when necessary to decrease the frequency and amplitude
of HAPCs. Nevertheless, soiling can persist even when a
technically adequate pull-through is performed and can
also occur in patients who do not have factors known be
associated with higher rates of fecal incontinence, such as
Down’s syndrome15 and TCHD.60,61 This illustrates our
incomplete understanding of the pathogenesis, treatment,
and management of HD despite operations that should
seemingly overcome the problem of segmental agangliono-
sis. Abnormal sphincter function may occur as the result of
sphincter injury during the pull-through or a previous
myectomy or sphincterotomy. This kind of injury is
suspected based on an examination under anesthesia and
can be objectively assessed using either ARM62 or anal
sonography.63 Abnormal sensation may take the form of
either lack of sensation for a full rectum (identified using

awake ARM) or injury to the transitional epithelium, which
normally permits differentiation between gas, liquid, and
solid stool. This injury may occur during a pull-through,
especially if the anastomosis is performed too low. However,
the majority childrenwith incontinence after a pull-through
have overflowof stool because of ongoing constipation. Once
sphincter injury and a problem with sensation have been
excluded, the child should be evaluated and treated for
obstructive symptoms as described in the previous section,
and the majority of these patients achieve good bowel
control with an appropriate bowel regimen.64

Enterocolitis
Enterocolitis may be a presenting feature of HD or occur after
surgical correction of the disease. Hirschsprung-associated
enterocolitis (HAEC) is a condition with classic manifestations
that include abdominal distention, fever, and foul-smelling
stools. Although the clinical features of enterocolitis are gen-
erally agreed upon, a precise universal definition has not been
developed accounting for the wide variation in the reported
incidence of this problem postoperatively, with estimates
ranging from 17 to 50%.65 Reported rates are typically in-
creased in patients with Down’s syndrome or TCHD.66,67

Scoring systems have emerged to quantify HAEC severity but
are not widely implemented at the bedside.68 The absence of
enterocolitis preoperatively does not ensure that the childwill
not develop enterocolitis in the postoperative period.69 The
treatment of postoperative enterocolitis is largely sympto-
matic and involves nasogastric drainage, intravenous fluids,
broad-spectrum antibiotics, and decompression of the rectum
and colon by using rectal stimulation or irrigations. Investiga-
tion along the obstructive algorithm (►Fig. 1) should be
considered for patients with recurrent HAEC. Decreasing the
risk of HAEC in patients with recurrent disease can be accom-
plished by using preventive measures such as routine irriga-
tions, chronic administration of metronidazole, particularly in
thosewho are thought to be at higher risk for this complication
based on clinical or histological grounds, or use of probiotics.70

Intestinal diversion remains an option for patients with
refractory and recurrent HAEC. Since HAEC is the most com-
mon cause of death in children with HD, it is extremely
important that the surgeon educate the family about the risk
of this complication andurgepromptmedical attention should
the child develop any concerning symptoms.

The Older Child or Adult with HD: “Late
Diagnosis HD”

Although most patients in developed countries are diagnosed
within the first year of life, patients occasionally escape
diagnosis during infancy. The literature is riddled with case
reports of “adult” HD commonly defined as age of diagnosis of
greater than 10 years,71 but an 11-year-old patient can hardly
be considered an adult. Therefore, we prefer the term late
diagnosis HD, as our general approach to these patients is
similar regardless of age. These patients generally have long-
standing constipation refractory to a bowel management regi-
men and most often do not experience HAEC.72 Breast-fed

Fig. 4 Long-standing outlet obstruction from a restrictive cuff after a
Soave pull-through. Note the dilated proximal colon above the cuff.
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infants with HD will often defecate normally during infancy,
only todevelopsevereconstipationaroundthetimeofweaning
from breast milk. In other cases, children will present as
toddlers or older children or adults with long-standing severe
constipation that has never been investigated. As constipation
ispervasive inchildhood, it isunreasonable to expect aprimary
care physician to refer every patient with constipation to a
surgeon for definitive evaluation for HD. In most cases, child-
hood constipation is successfullymanagedwith diet, laxatives,
and behavior modification. However, historical and examina-
tion features that should prompt suspicion for HD include
failure to pass meconium in the first 48 hour of life, failure to
thrive, gross abdominaldistention, anddependenceonenemas
without significant encopresis. A child or adult with any of
thesefeatures, orwhodoesnot respondadequately to intensive
therapy, should be referred for rectal biopsy. A full-thickness
biopsy under general anesthesia is required due to the fact that
the suction rectal biopsy device cannot adequately sample the
submucosa to render an adequate pathological assessment.
Another option for older children is the use of ARM to evaluate
for the absence of the RAIR in a patient with HD as discussed
previously. However, suggestion of HDbased on the absence of
RAIRshouldbefollowedbya rectalbiopsy, andwegenerallyare
prepared to perform the biopsy immediately after ARM under
the same anesthetic.

Once the diagnosis of HD has been established in an older
patient, it is prudent to consult with a pediatric surgeonwho
often has considerable expertise with the pull-through
procedure. As stated previously, the type of procedure
performed ultimately comes down to the preference of the
operating surgeon, as the three main types of pull-through
operations have been performed successfully in older
patients. However, the difference between the infant and
older patient is the often dilated and dysfunctional upstream
bowel that may not function normally after a primary pull-
through and pose a complicated coloanal anastomosis due to
significant size discrepancy between the proximal anal
incision and pull-through bowel. For that reason, we prefer
a conservative approach to older patients by performing a
laparoscopic-assisted leveling ostomy to determine the level
of ganglionated colon and a concomitant resection of the
dilated distal segment down to the peritoneal reflection.
However, others have successfully performed one-stage
procedures73 or other delayed anastomotic approaches
with reasonable outcomes.74 We have had occasion to per-
form a one-stage procedure if the colon dilation is minimal
and the patient can be adequately prepped.75 If a one-stage
operation is undertaken,we recommend an aggressivebowel
preparation, tapering the pull-through segment, and heigh-
tened postoperative awareness for the possibility for anasto-
motic complications that should prompt immediate fecal
diversion. In our practice, we generally wait 8 to 12 weeks
after intestinal diversion and then return and perform an-
other laparoscopic procedure to mobilize the rectum, take
down the stoma, and then perform a Soave pull-through as is
customary in our practice. Leaving the rectum at the princi-
pal operation allows for a Duhamel or Swenson reconstruc-
tion if desired by the operating surgeon. In the limited

number of reports of late diagnosis HD, functional outcome
is generally favorable, and complications are similar to those
reported in patients diagnosed at an early age.

Conclusions

Operative correction for HD involves the general principals of
removingor bypassing the aganglionic bowel, and establishing
intestinal continuityby “pulling through”normally innervated
bowel to the anus while preserving sphincter function. The
vast majority of patients are diagnosedwithin thefirst year of
life, yet long-term defection problems are common despite
satisfactory operative interventions. The approach to the
problem patient after a pull-through operation should be
systematic and leave no stone unturned. Involving a pediatric
surgeon in this process is highly recommended regardless of
patient age, as somepatientsmay require a redooperationand
the pediatric surgeon often has considerable experience with
many of the potential surgical options. No one surgical re-
construction has been shown to be definitively better than
another. Prompt identification and aggressive treatment of
HAEC is an important aspect of caring for a patient with HD
even after a seemingly successful pull-through operation.
Although late diagnosis HD is uncommon, a heightened
awareness of this potential diagnosis should be entertained
in the patient with long-standing and refractory constipation.
Consultation with a pediatric surgeon familiar with the op-
erative strategies for reconstruction is likely to be of help in
formulating an appropriate treatment strategy.
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